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Given the competitive importance of
organizational performance and fact-

based decision making, measurement pro-
grams have become increasingly impor-
tant within the software and systems engi-
neering communities. Measurement can
no longer be implemented as a check-the-
box process that is rolled out to satisfy a
scheduled review or process improvement
assessment. Today, measurement must
provide real information to support criti-
cal project and organizational business
and technical decisions, and the measure-
ment results must be effectively communi-
cated and used across the entire corporate
entity.

The Navy provides us with two excel-
lent examples of the impacts of using,
and not using, measurement correctly.
The F/A-18E/F program implemented a
real-time management information system
that communicated critical measurement-
derived performance information to all
project participants. This was instrumental
in helping the F/A-18E/F program to be
one of the most successful in recent mem-
ory. Conversely, on the Navy’s A-12 pro-
gram, objective information about project
status was not available to the managers
who were continuously required to deal
with critical program constraints and per-
formance shortfalls. Without accurate
information, these managers were not able
to properly make the difficult decisions
required of them, and the program was
ultimately cancelled.

Ten years ago, only a few organizations
actually implemented measurement as an
integral part of their technical and busi-
ness processes. These forward-looking
organizations established what worked
well with respect to measurement, and
even more importantly, what did not
work. Under the umbrella of the Practical
Software and Systems Measurement
(PSM) Initiative, many software and sys-
tems measurement professionals that had
successfully implemented measurement
joined together in a government-industry-
academia team to help put measurement
into widespread practice. The goal of this
PSM team was, and remains today, to help
organizations meet a wide range of fact-

based technical and business information
needs by defining and helping them to
implement a practical, information-driven
measurement process.

Key Measurement Concepts
We all know how complex weapons, com-
munications, and information systems are
becoming. At the center of this growing
complexity is the need to deal with con-
tinuous technical and business change. We
need to make better and more timely deci-
sions that will result in the success of our
projects, systems, and organizations.

In today’s environment, our measure-
ment processes must provide objective
information to support critical decision
making in an ever-changing environment.
As a simple example, the defect status
indicator shown in Figure 1 was developed
to help make decisions concerning test
completion by evaluating product quality.
In this example, the program manager
needs to assess whether the system will be
ready for a user acceptance test by April
2002.

As an entrance criterion for the user
acceptance test, all open defects must be
closed prior to the start of this test. An
indicator was generated that included a
graph of the number of defects written

and closed, along with a calculation of the
number of open defects remaining. The
analysis indicated that the closure rate of
defects has remained relatively constant,
while the number of new defects appears
to be slowing. This has led to a decreasing
number of open defects, and provides a
positive indicator that the product will be
ready for user acceptance testing.

Obviously, this is a very simple indica-
tor. More elaborate indicators would usu-
ally be generated that might include indi-
cators with defect data by severity (gener-
ally all high priority defects must be
closed, but some number of low priority
defects may be allowed), by status (to
allow an assessment of progress), by com-
ponent (to identify defect-prone compo-
nents that may require additional inspec-
tion or testing), or by age (to identify those
that have been open a long time).

For those organizations that are just
starting to measure their software and sys-
tems engineering processes and products,
producing usable measurement results like
this example can be challenging. Certainly
the thought of starting up a measurement
program has some considerable implica-
tions, especially when you need informa-
tion immediately. The good news is that
most successful measurement programs
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Figure 1: Quantitative Information Supports Critical Decision Making
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are based on a few manageable concepts.
Together these basics provide the foun-
dation for an effective measurement pro-
gram even in the most complex environ-
ments, and they provide for a flexible,
cost-effective approach to meeting
defined information needs.

There are three recurring lessons
learned from successful measurement
programs. These are the basic building
blocks of any successful measurement
program:
• Measurement is a consistent but flex-

ible process that must be tailored to
the unique information needs and
characteristics of a particular project
or organization. Measurement needs

to change as the environment changes
around it. Changing information
needs drive the measurement process.

• Decision makers must understand
what is being measured. Key decision
makers, including both the technical
and business manager, must deliver
value-added objective results that can
be trusted on the day-to-day issues
that these managers face.

• Measurement must be used to be
effective. The measurement program
must play a role in helping decision
makers understand project and organ-
ization issues and to evaluate and
make key trade offs to optimize over-
all performance.
Although these three basic measure-

ment concepts seem like common sense,
it is amazing how many organizations
ignore them when they establish their
measurement programs. Even with all of
the change that they must deal with,
some organizations still try to build their
measurement programs around the 10
best measures or try to measure so much
that their measurement programs col-
lapse under their own overhead burden.
A large number of measurement pro-
grams fail early in their inception, usually
because they do not provide information
relevant to user information needs.

PSM has focused on delivering to
both new and experienced measurement
users guidance, tools, and other measure-
ment products built around the founda-
tional measurement concepts. A measure

of PSM’s success has been the adoption
of its overall measurement approach by
both the Capability Maturity Model®

IntegrationSM (CMMISM) [3] and by the
international software and systems engi-
neering community, as embodied in the
new commercial software engineering
standard ISO/IEC15939 Software  Engi-
neering-Software Measurement Process
[4]. An important aspect of the three ini-
tiatives is the consistent treatment of
measurement by PSM, CMMI, and
ISO/IEC 15939. The measurement prac-
titioner now has an integrated guidance
set based on real measurement experi-
ence that has proven successful in actual
applications.

Since measurement success is so
closely tied to the three basic measure-
ment concepts, let us take a look at each
of them more closely.

The Measurement Process
An underlying concept of measurement
is that it should be flexible and tailorable
based on the unique information needs
and characteristics of each project or
organization. Measurement must be iter-
ative to support necessary changes that
result from changing information needs
and improvements in the measurement
process itself.

The PSM process, shown in Figure 2,
describes four activities that are part of a
successful measurement program:
• Plan measurement: In this activity,

measures are defined to provide
insight into a project or organization’s
information needs. This includes
identifying what the decision makers
need to know, relating these informa-
tion needs to those entities that can
be measured, and then selecting and
specifying prospective measures
based on project and organizational
processes. In the defect example in
Figure 1, a comparison of the number
of defects written and the number
closed was used to address the ques-
tion: “When will the system be ready
for use acceptance test?”

• Perform measurement: This activity
involves collecting measurement data,
performing measurement analysis,
and presenting the results so that the
information can be used to make
decisions. Analysis can include esti-
mation, feasibility analysis of plans,
and performance analysis of actual
data against plans. For the defect
example, the performance analysis
included evaluating the trends of
written and closed defects, and calcu-
lating test readiness.

® Capability Maturity Model and CMM are registered in the
U.S. Patent and Trademark Office.

SM CMMI and CMM Integration are service marks of
Carnegie Mellon University.
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• Evaluate measurement: In this
activity, both the measurement
process and the specific measures
should be periodically evaluated and
improved as necessary. For example,
if the defect indicator does not pro-
vide enough information to adequate-
ly determine readiness for user
acceptance testing, additional indica-
tors may be added. The user may add
an indicator of defect data by severity
(generally all high priority defects
must be closed, but some number of
low priority defects may be allowed).

• Establish and sustain commit-
ment: This activity involves establish-
ing the resources, training, and tools
to implement a measurement pro-
gram effectively, and most important-
ly, ensuring that there is management
commitment to use the information
that is produced. In the defect exam-
ple, if the measurement information
is not used to develop plans for when
user acceptance testing can begin,
there is little need for collecting the
data.
A measurement process that is flexi-

ble and tailored to project and organiza-
tional processes ensures that measure-
ment is cost effective. Data should not be
collected or reports distributed that are
not needed or are not used. In addition,
data collection and reporting should be
automated whenever possible to provide
an automatic by-product of normal proj-
ect activity.

The process shown in Figure 2 pro-
vides a foundation for measurement for
many disciplines, including software engi-
neering, systems engineering, and process
improvement measurement. An impor-
tant thing to remember is that the same
basic measurement process can support a
wide variety of distinct and changing
information needs in each of these areas.
For additional information on the meas-
urement process, see [3] and [4].

Connecting Information
Needs to Actual Measures
A second basic concept in a successful
measurement program is the communi-
cation of meaningful information to the
decision makers. It is important that the
people who use the measurement infor-
mation understand what is being meas-
ured, and how it is to be interpreted.

PSM does this by incorporating a
measurement information model that
links the entities that are measured to the
associated measures and ultimately to the
identified information need. The meas-

urement information model provides a
structure for specifying how a particular
information need will be addressed with-
in the measurement process. This allows
the measures to be clearly and consistent-
ly defined.

In the defect example, it is important
for the decision makers to know exactly
what the data represents in order to
ensure that objective decisions are made.
For the sample defect indicator present-
ed, it is important for managers to under-
stand that only identified defects are
included, and that some number of latent
defects will remain in the product. It is
also important to ensure that planned
and actual data are quantified using the
same methodology so that the two sets of
data are comparable.

The measurement information model
provides a mechanism for linking infor-
mation needs to what can be measured. A
measurement structure, called a measure-
ment construct, describes how the rele-
vant attributes of products and processes
are quantified and turned into indicators
that provide a basis for decision making.
The measurement construct may involve
three levels of measures: base measures,
derived measures, and indicators as illus-
trated in Figure 3. In our defect example,
base measures include number of defects
written and number of defects closed.
The derived measure of open defects was
then calculated as the difference between
the two. The indicator presented is a
graph of the two base measures.

For each of the base measures,
derived measures, and indicators, addi-
tional information also needs to be spec-

ified about how the various measures are
calculated. Figure 4 illustrates the struc-
ture of a complete measurement specifi-
cation, including the measurement
method, measurement function, analysis
model, and decision criteria. These, along
with the procedures for data collection,
data analysis, and reporting provide an
operational definition of a measure,
addressing a specific information need.
Figure 5 (see page 18) contains a high-
level description of a complete measure-
ment specification for the defect example
described previously. For a description of
each of these terms in more detail, see [3]
and [4].

Defining the measurement terms to
this level of detail provides everyone
working with the data a common under-
standing of what is being measured, and
how this relates to the information needs.
This formalizes what is important. By
detailing the base measures to be used,
this also helps to highlight common
measures that can be reused to address
multiple information needs. This assists
in prioritizing the measures to be imple-
mented. Sample measurement specifica-
tions for many common measures can be
found in the PSM guidance.

In the past, measurement terms were
often defined in unique and inconsistent
ways from organization to organization.
This led to confusion and difficulty in
widespread measurement implementa-
tion. In many cases, decision makers were
unsure of what the measurement results
actually represented. One of the advan-
tages of the measurement information
model is that it defines a consistent ter-
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minology. This allows projects and
organizations to document their infor-
mation needs and selected measures to
allow a common understanding of what
is being measured. This is especially
important as information needs change.

Understanding and Using
Measurement Results
A third concept of a successful measure-
ment program is that the measurement
process is an integral part of the way busi-
ness is conducted. In a successful organi-
zation, the measurement results are regu-
larly used to make decisions. If the mem-
bers of a project or organization are not
able or willing to use measurement data to

make decisions, the measurement pro-
gram is of little use. In the defect exam-
ple, if this measurement information is
not used to develop plans for when user
acceptance testing can begin, there is little
need for collecting the information.

To support the use of measurement,
information must be obtained early
enough to allow managers to take the nec-
essary actions to reduce risks or correct
problems. Management decisions cannot
wait for a complete set of perfect data to
support management decisions, but
should be derived from the minimum
amount of data, complemented by real-
time events and qualitative insight.
Measurement should provide information

on real-time events in a project, and facil-
itate communication.

The risk management and measure-
ment processes should always be closely
aligned. Risk management identifies the
information needs that can impact project
and organizational performance – infor-
mation needs that should be objectively
explained with the measurement results.
The measurement data help to quantify
risks, and subsequently provide informa-
tion about whether risks have been suc-
cessfully mitigated.

While measurement begins with a
project-level focus, there are legitimate
needs for information at higher levels of
management. The information needs at
different levels in an organization are
related, as depicted in Figure 6. The proj-
ect manager is concerned with the time
and effort it takes to implement required
product functionality and quality. At high-
er levels, managers are responsible for
organizational performance and for
improving organizational processes. At
the enterprise level, managers are respon-
sible for making investment decisions and
ensuring performance is satisfactory.
Since most organizations are composed
of a portfolio of distinct projects, all of
these uses of measurement rely on having
good project-level information, aggregat-
ed to appropriate levels of the organiza-
tion. The project level is where the
processes and products are actually meas-
ured. As a result, a viable measurement
program satisfies the needs of many lev-
els of decision makers.

Where to Get Help
The PSM project is a Department of
Defense and U.S. Army sponsored initia-
tive. The PSM project comprises a fully
integrated approach of products and
services. Products are developed and
improved incrementally by a joint govern-
ment, industry, and commercial technical
working group based on actual implemen-
tation experiences. Products are updated
based on the technical consensus of best
practices and are freely provided. The
project is supported by a number of tran-
sition organizations that are qualified to
teach PSM concepts and transition the
PSM measurement guidance. PSM’s prod-
ucts include the following:
• “Practical Software Measurement”

(Addison-Wesley).
• “Practical Software and Systems

Measurement Guidebook” (PSM ver-
sion 4.0).

• PSM Insight Tool (a PC-based meas-
urement tool that allows tailoring to
an individual project’s needs).
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• “PSM for Process Management and
Improvement Guidebook” (PSM:
MPM) .

• PSM technology papers (measure-
ment with object-oriented develop-
ment, spiral/evolutionary develop-
ment, interoperability, and product-
line architectures).

• Training and workshop materials.
• Supporting materials (descriptions of

products and services).
• A qualified technical team to provide

direct project support.
The guidebook and papers are avail-

able from the PSM Web site at no charge
<www.psmsc.com>. We invite your par-
ticipation in the PSM project, and your
input into future work products. Please
see the Web site for more information
about how you can get involved.

Conclusion
A successful measurement process
becomes a way of doing business.
Measurement is embedded in the organi-
zation, and performance improves
because people are making fact-based
decisions. Three lessons learned from
successful measurement programs
include the following:

1. Measurement is a consistent but flex-
ible process.

2. Decision makers must understand
what is being measured.

3. Measurement must be used to be
effective.
These measurement concepts de-

scribed here are relatively easy to imple-
ment. There are many available resources
to support their implementation.◆
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PSM’s Relationship to ISO Standards and CMMI 

Practical Software Measurement (PSM), a product of a Department of
Defense measurement initiative, served as the base document for the new

international standard on measurement ISO/IEC 15939 Software
Engineering-Software Measurement Process. The international standard
describes the measurement process in terms of the purpose and outcomes of
a compliant process, along with associated activities and tasks. The standard
also defines the measurement information model and associated terminology.

PSM provides additional details on the activities and tasks presented
in ISO/IEC 15939, and provides detailed steps to successfully meet these
tasks. In addition, PSM provides detailed how-to guidance, including sam-
ple measures, lessons learned, case studies, and implementation guidance.
PSM provides a set of sample measures using the measurement informa-
tion model terminology. Both products are coordinated to provide users
with a consistent framework for implementing a measurement program.

In addition, the purpose and outcomes of the measurement process
from ISO/IEC 15939 have been added to the revision to ISO/IEC 12207
Software Life-Cycle Processes, within a new supporting process entitled
Measurement. Measurement concepts have also been added to ISO/IEC
15288 System Life-Cycle Processes. The new measurement terminology
has also been coordinated with the revisions to ISO/IEC 9126 Software
Product Quality and ISO/IEC 14598 Evaluation of Software Products, so
that all these standards will use a common set of measurement terminolo-
gy once the revisions are complete. In addition, the purpose and outcomes
of the measurement process have been added to ISO 9000-3: Application
of ISO 9001:2000 to Software.

The draft international standard ISO/IEC 15939 in turn was used as
an input to the measurement and analysis (MA) process area of the
Capability Maturity Model® IntegrationSM (CMMISM) [4]. The MA process
area provides a methodology for assessing whether a project’s measurement
program is compliant with the international standard, in addition to pro-
viding relevant information on CMMI-based process improvement activi-
ties. Overall, the CMMI helps organizations to institutionalize their meas-

urement and analysis activities, rather than addressing measurement as a
secondary function. In the MA process area, the activities of plan meas-
urement and perform measurement are detailed in two specific goals that
must be implemented and eight specific practices that are considered
important in achieving the associated specific goals. The activities of evalu-
ate measurement and establish and sustain commitment are considered
through the generic goals, with elaborations specific to the MA process
area.

The coordination of these documents means that the software and
systems engineering communities have a consistent set of information-driv-
en standards and guidance for implementing project and process measure-
ment.
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